A comparison is made between recent computations of X-ray photoeffect absorption cross sections, using screened hydrogen-like eigenfunctions, given in Part 1 1 , and those of an alternate more rigorous theory together with those estimable from experimental X-ray absorption coefficients. Some inherent limitations, which restrict the present results, are discussed. Photoeffect mass absorption coefficients for a limited number of elements between Z = 10 and 39 are determined from the hydrogen-like theory, using five characteristic X-ray energies from NiLa 1 (0.852 keV) to TiLa 1 (4.511 keV).
Introduction
The aim of this paper is to show that the recent theoretical numerical computation of X-ray photoeffect absorption cross sections 1 , calculated by means of hydrogen-like eigenfunctions, is in close agreement with the results of more rigorous theory and those estimable from X-ray linear absorption coefficients. The agreement is particularly good for incident radiation energies in the medium X-ray range 5 to 25 keV, where photoelectric absorption is chiefly confined to the inner K and L atomic subshells. The prior interest in this theory, as discussed in Part I, concerned the determination of (minimum) absorption coefficients 2 , related to the anomalous transmission of X-rays through thick perfect crystals (Borrmann effect). For such calculations an accurate knowledge of the atomic dipole and quadrupole components of the total photoelectric absorption cross section is required.
The tables given in 1 are extended in this paper to the 0.8 to 5 and 25 to 30 keV regions to determine acceptable limits for their application. The following sections compare these hydrogen-like results with those of more rigorous theory and experiment.
Comparison with Alternate Theory
A major inconsistency in the hydrogen-like theory concerns the disparity which exists between experimental and theoretical absorption edge energies; these were obtained experimentally from the subshell energy levels £(K), E{L) ... etc. of Bearden and Burr 3 and theoretically from screened hydrogenlike eigenvalues E(n, 1) *. Such differences are best illustrated in Fig. 1 , which also shows that a linear relationship exists between the logarithms of the sub-shell absorption edge energies E (n, 1), E(K)... etc. and the logarithm of the element atomic number Z. The differences, separating corresponding theoretical and experimental absorption edges, may be of the order of several hundred eV; they increase with increasing Z.
In order that cross sections between the theoretical E(n, 1) and experimental £(K)... etc. absorption edges of each element may be included, a non rigorous extension to the theory, similar to that used by Hönl 4 , has been introduced into our calculations. This form of extension has already shown satisfactory agreement with the experimental results of Persson and Efimov 5 close to the K-absorption edge of germanium and has been described in 2 .
2.1. Elements Z = 6, 10, 13, 18, 20, 26, 29, 36, 42, 47 and 50 Table 1 gives hydrogen-like photoeffect cross sections for the elements Z = 6, 10, 13, 18, 20, 26, 29, 36, 42, 47 and 50 in comparison with the photo- ionization cross sections, computed by Scofield 6 , using Hartree-Fock-Slater potentials. The incident photon energies considered are 1, 5, 10 and 20 keV. For these cases Scofield's results are treated as a useful standard, since they compare well with those of other alternate theories and with experiment. Their subdivision into the K, L, M and N-shell contributions is convenient for a direct comparison with those, obtained from the screened hydrogenlike theory. Additional comparisons are given in Table 1 For energies below the medium X-ray energy range Fig. 2 a shows, for 1 keV, that relatively large differences ( ~ 30%) exist in regions, extending from the L and M absorption edges; these differences become progressively smaller and less extensive with increased X-ray energies. Comparisons close to such absorption edges must however be considered as tentative, clue to Kossel and KronigKramer fine structure. For example the fine structure of metallic copper (Z = 29) extends 300 eV from the high energy side of the K-absorption edge and varies the linear absorption coefficient in this region by as much as ± 5%. Such effects are not accounted for in the above theoretical works.
It is observed from Figs. 2, that an overall satisfactory agreement exists between the hydrogen-like cross sections and those of Scofield, providing one restricts the hydrogen-like calculations to elements, whose Z values lie beneath the dominant parts of the K-and L-shell envelopes. Generally, the useful range of elements, to which the hydrogen-like calculations can be applied successfully in this X-ray energy range, is given by 6 < Z < Z£ (2s), where ZE(2s) is the atomic number of an element, whose 2s electron has a hydrogen-like eigenvalue, closest to the incident X-ray energy. Approximate values for ZE(2s) ? for a given-X-ray energy, can be obtained directly from Figure 1 . The upper Z value in this range is less than Z£(os) for X-ray energies below 10 keV and almost equal to Z#(os) for higher energies. A further observation shows, that the theoretical extension, mentioned earlier in Sect. 2, is found to be suitable only for the £(K) absorption edge region and not for the subsequent E(2s) to £(L) and E (3 s) to E(M) regions, where hydrogenlike cross sections are generally 10% or more greater than those of experiment and alternate theory. In Fig. 2 relatively large differences are observed between the initial (low Z) L, M, and N absorption cross sections, obtained from the two theoretical approaches; they chiefly concern elements, which have an incompletely filled outer sub-shell. Such differences may be due to an approximation made in the hydrogen-like calculations of Part I, in which screening constants for incomplete sub-shells were taken from averages of their calculable full shell values. An approximation of this kind was required clue to a lack of experimental term differences, necessary for their evaluation by the usual Sommerfeld method; this method has been described in Part I. In such cases the approximation tends to slightly overestimate the value of the screening constants of these shells, resulting in smaller absorption cross sections than are possible, using more precise screening constants. Fortunately, for medium Z elements alternate theory indicates, that such incomplete shells contribute less than \% to the total cross section. It is however more serious for low atomic number elements, such as carbon (Z = 6), whose L-shell contribution is of the order of 5%. The cross sections of incomplete shells, given in Table 1 , are therefore doubtful and are enclosed in brackets. Alternative screening constants for low atomic num- Table 2 gives hydrogen-like photoeffect mass absorption coefficients for the rare earth gases Ne(10), Ar (18), Kr (36) and Xe (54) in comparison with those measured experimentally by Wuilleumier 12 , Bearden 13 , and Chipman and Jennings 14 . A limited number of compiled theoretical/experimental coefficients from the revised edition of the International Tables (Vol. IV) is also included. Of these results ber elements Z = 3 to 10 have been given by Duncanson and Coulson n . Substitution of these values into our calculations gives improvements in L-shell cross sections, relative to Scofield, at the expense of lower K-shell values. The net effect gives total cross sections, which are not substantially different from the hydrogen-like results, given in 1 , and have therefore not been found useful for this energy range.
Comparisons with Experiment

Linear Absorption
In this section comparisons are made between the photoeffect mass absorption coefficients (T/Q), calculated from the hydrogen-like theory, and experimental mass absorption coefficients (JU/Q). Theo- those of Wuilleumier, using the continuous Bremsstrahlung radiation from the tungsten target of an X-ray tube, are particularly useful for comparisons in the low X-ray energy range 0.8 to 8 keV. Such measurements are almost continuous and transgress one or more experimental absorption edges with decreasing X-ray energy; these edges are readily obtained from exaggerated by using inaccurate (low) screening constants. Agreement between the hydrogen-like and experimental coefficients, in many cases within 5%, is however possible, so long as the hydrogen-like calculations are again restricted to X-ray energies above the theoretical E(2s) eigenvalue of the element concerned. As an example in using energies lower than this value, the coefficients for Kr and Xe, given in Table 2 , are extended to the lower Li absorption edges; these extensions show, that one can expect differences between theory and experiment of the order of 10% and greater in these regions.
Al and the Transition Metals
For aluminium and the transition metals Ti, V, Cr, Mn, Ni, Fe, Cu, and Zn comparisons in the medium energy X-ray range are made with the experimental mass absorption coefficients of Heinrich 16 3 keV. Table 3 compares these experimental coefficients with the photoelectric coefficients of the hydrogen-like theory; additional compiled coefficients from the revised edition of the International Tables 15 (Vol. IV) are also given. Theoretical estimates of the coherent and incoherent scattering 9 , to be added to the hydrogen-like values for comparison purposes, are included in brackets and marked with a triangle The agreement with experiment for these medium Z elements in the medium X-ray energy range is shown to be particularly good. Alternate theoretical photoeffect coefficients for these elements, using several medium X-ray energies, have also been computed relativistically by Cromer and Liberman 23 ; they are generally within 3% of our hydrogen-like results.
3.1.3. Soft X-ray Mass Absorption Coefficients for Elements Z = 10 to 39
Since measurements of mass absorption coefficients in the soft X-ray energy region are relatively few, several hydrogen-like photoeffect mass absorption coefficients are given in Table 4 for five characteristic X-ray energies between TiLal (4.511 keV) and NiLal (0.852 keV). Such values are restricted to elements Z=10 to 39 and curtailed at X-ray energies a little higher than the theoretical E(2s) eigenvalues. The additional contributions of coherent and incoherent scattering, estimated from 9 , are quite small and generally less than \%.
Anomalous Absorption
The anomalous transmission of X-rays, diffracted through thick perfect crystals (Borrmann effect), has been shown by Wagenfeld 24 to have a small angular dependence on the quadrupole component of the total photoelectric absorption (at room temperature, however, this dependence is secondary to the influence of the Debye-Waller factor). Such quadrupole contributions are directly proportional to the values of "Q", given in the tables of Part I.
To some extent the experimental results of 2 have confirmed the existence of the quadrupole contribution to the anomalous absorption of X-rays in ger- 26 .
Conclusion
The accuracy of our total hydrogen-like photoeffect cross sections, given in the tables of Part I, are in many cases shown to be within 5% of those of the alternate theory and experiment. 
